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Abstract 
 
Dumpers are very important and complex systems, which transport ore in mine sectors from one place to another. 
Being costly elements, tires are critical components of dumpers. This paper deals with the minimization of the wear 
rate of dumper tires. Fuzzy logic is applied to achieve this objective. A total of 125 rules can be generated 
combining five levels of three parameters, viz. air pressure inside tires, load on tires, and velocity of vehicle. It is 
concluded that a few rules can be considerable in this present context.  
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1. Introduction 
Engineering activities, like excavation, are directly related to tire-mounted equipment (dumpers). Dumper(s) is one of the most 
important equipment used in mining industry and tires constitute an important part of these equipment. Off The Road (OTR) tires 
are mainly used in dumpers. These tires take a vital role in transporting enormous load from one part of the plant to another. 
These tires can be of radial type or cross-ply type. It is observed that mainly radial tires have a longer life compared to the cross-
ply ones under the different operating conditions such as state of haul road, varying tire pressure, variable velocity and variable 
patterns of tire maintenance in mining industry. 
Since the surface through which the tires have to move is rocky and hard, it may be stated that the frictional force between the 
tires and the surface play an important role on the wear of tires of the dumpers. It can also be mentioned here that combination of 
different materials, such as homopolymer polypropylene (TS-6100) and Ethylene–propylene–diene monomer (EPDM) may be 
used to manufacture scrap rubber tires (SRT) for the dumpers and the 
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strength of the SRT depends on the percentages of the composition of its ingredients (Costa et al, 2010). It is also 
observed that tires of dumpers are recycled to minimize environmental pollution (Ferrao et al, 2008). Moreover, 
Baldwin et al. (2007 (a) and (b)) show that the oxidative aging of skim and wedge rubber inside the tire results in a 
loss of peel strength and tensile properties of the rubber materials, which has been found to increase the likelihood 
of tread separations in certain tires.  
A number of research works have made efforts to increase the life of these tires, but as described above most of 
them have tried to increase their life by addressing either the friction-related problems or by varying their material 
composition. But the cost involved in changing the road conditions or tire compositions is so high that it is not 
always possible for an organization to implement them. The cost involved with the OTR tires is huge, where as 
compared to that their service life does not conform to the expectation of the organizations. This is primarily 
because of the fact that these tires are subjected to extreme conditions, where the haul road is not smooth with 
proper gradient and bankings and the load carried by them is around fifty to hundred tones. So in these regard tire 
life needs to be increased by minimizing wear rate, with the help of new methods and techniques. Thus, efforts are 
to be made to increase the life of these tires by keeping all the prevailing environmental conditions in an industry 
constant and also without much change in composition of tire.     
In this context, the factors responsible for the variation of the life of the tires under the operating conditions are 
needed to be controlled, such that wear rate of the tires can be minimized and a mathematical or statistical tool is 
needed for this. Keeping this in mind fuzzy logic and fuzzy set theory may be recommended to get the optimized 
conditions of the operating parameters. Fuzzy Logic (FL) was developed by L.A Zadeh in 1965. It is observed from 
the literature that FL is utilized to control parameters and factors efficiently and effectively many engineering and 
scientific applications till date to serve the objectives.  
Fuzzy logic is seen to be applied in manufacturing, to study drilling performances, with minimum quantity of 
lubricant (Nandi and Davim, 2009) and also to forecast the use of energy consumption in manufacturing processes 
(Lau et al, 2008). A jet engine fuel system can also be monitored and controlled with the help of a Fuzzy controller 
(Zilouchian et al, 2008). Fuzzy logic is also seen to be applied to predict production rates of bio-gas and methane in 
a pilot scale mesophilic UASB reactor, treating molasses wastewater (Turkdogan-Aydınol and Yetilmezsoy, 2010). 
Besides these fuzzy logic is also seen to be applied in predictions of Ocean wave energy (Ozger, 2011), developing 
underwater vehicle controller (Ishaque et al, 2011), wastewater treatment (Chen and Chang, 2007) etc. But fuzzy 
logic and fuzzy rule-based decision making is not seen to have been applied for minimizing of wear rate and thereby 
increasing the life of tires. Thus, in this paper efforts are made to minimize wear rate of dumper tires by the 
application of fuzzy logic.  
The rest of this paper is organized as follows: First, the basics of dumper tires are introduced. Secondly, the 
methodology of the proposed modelling is developed along with the mathematical representation of fuzzy 
membership functions. Finally one case is presented as an illustration and conclusions are drawn.  
 
2. Dumpers and Its Tires  
Dumpers are tire-mounted equipment (dumper)s used chiefly in mining industry to carry bulk materials from one 
location of the plant to another. Tiers constitute a critical spare part of the dumpers. A tire is made of several 
components, which are shown in Figure 1. As the present study concentrates on the wear rate of tire, only tread is 
described out of its several components. 
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The tread refers to the thick extruded rubber profile on the circumference on which the tire makes contact with the 
road. Tread compounds include additives to impact wear resistance and traction in addition to environmental 
resistance. As friction plays an important role between the tire and the road to movement of the tire, the tread is 
worn off. The pattern of grooves cut on the rubber, is known as tread pattern. After worn off, if the tread depth is 
less than 10 mm, the tire is rejected in this study. The tread is shown in the Figure 1.  
 
3. Methodology 
It is well known that modern mathematics and its diversified theories are basically aimed at the extensions and 
generalizations of existing theories to achieve the potentiality of their fruitful applications and decision making to 
numerous other branches of science, engineering, technology, and management. To this end, the theory of fuzzy 
sets, originated from the classical paper of L. A. Zadeh (Zadeh, 1965) in 1965, is one of the most celebrated ones in 
recent time. Zadeh observed that in most of the real life situations and physical problems there is a significant 
amount of fuzziness or indefiniteness, where the classical set theory and the usual mathematical theories based on 
such set theory fail to give us the desired information and inferences. Fuzzy sets are thus created to play the role of 
ordinary sets in the context of problems, where such indefiniteness is unavoidably inherent. The intensive 
investigations of fuzzy sets added with the subsequent invention of fuzzy logic during the last forty years or so have 
enriched the theories and have put it to the threshold of sophisticated applications in multifarious fields. In fact, 
today it is found that these theories are applied to car and robot control, pattern and speech recognition devices, 
production and inventory management, information processing, factory automation etc. 
In this context it is seen that fuzzy rule and fuzzy logic can be applied to minimize the wear rate of dumper tires. 
Figure 1: Schematic Representation of a Dumper Tire 
(Source: www.google.co.in→image→tire) 
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Based on the prevailing conditions fuzzy logic is applied here and the four steps involving its application are 
described below: 
 
 
Step I: Input Factors  
OTR tires serve in different conditions and different environments. In most of the cases they are subjected to severe 
environments. Their performance and life is dependent upon several factors, like air pressure inside the tires, load 
carried by the tire-mounted equipment (dumper)s, profile of the haul road, condition of the haul road, velocity of the 
equipment (dumper) (dumper). Selection of input factors is directly dependant on the problem, that is being dealt 
with and the input factors may change. To minimize wear rate air pressure inside the tire, load carried by the 
equipment (dumper) and velocity of the equipment (dumper), are found out to be the suitable input factors. The 
range of variation of the input factors can be either found out experimentally or with the help of the log book records 
of the organization, for which the equipment (dumper) is working. But the input parameters need to be divided into 
certain ranges to get an idea about the manner, in which they are influencing the necessary output.  
Step II: Fuzzification 
The problems of quantitative research method are basically based on two-valued logic i.e. Dichotomous 
representation of facts. As a result it cannot identify several qualitative possibilities in between the two poles of any 
dichotomy. So a tool is required to convert the operating ranges of input to some linguistic form. Fuzzy logic 
provides very useful solution to such problems. With the help of fuzzy logic the numerical range of input factors can 
be converted to linguistic form by dividing into a suitable number of divisions, based on the problem and its scope 
of application.  In order to divide the range of these factors we take the help of their corresponding values of the 
membership function [12] using fuzzy logic. In this problem efforts are made to divide the entire range of each of 
the input parameters into five ranges, viz. Range A, Range B, Range C, Range D and Range E.   
The following primary terms are used for the measured variables: 
1. Range A               RA 
2. Range B               RB 
3. Range C                            RC 
4. Range D              RD 
5. Range E               RE.  
 
Step III: Decision making logic 
Since the critical parameters considered here are continuously changing at every instant, it is necessary to device a 
system which will guide the equipment (dumper) towards minimizing the wear rate of tires. For this the linguistic 
form of input parameters are to be operated to get our desired result. The operations whose help is sought for this 
particular problem is described below:  
¦
¦ 
i
xi
x w
w
R i
i
P  
   , where 1 ¦ iw                (i) 
Where,
ix
P are the corresponding membership values representing a particular range of the variables (pressure, load 
and velocity) and 1w , 2w , 3w are the weights of the fuzzy sets Load, Pressure and Velocity respectively. 
On the basis of the practical field experience it is worth mentioned that the effect of the three parameters are not 
equally responsible to the wear rate of dumper tires. So, instead of taking the simple arithmetic mean of the 
objective function, three different weights are necessary for the parameters. Keeping this in mind the weights of the 
parameters are suggested as follows: 
35.01  w , 4.02  w and 25.03  w  .               
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Based on the above operations, a set of rules is obtained for different operating conditions. 
Step IV: Defuzzification 
Having obtained the linguistic output, the next requirement from the system is to convert this linguistic output into a 
numerical range, within which the dumper needs to be operated. For that all the developed rules are considered and 
the rules leading to minimum wear rate of the tires are needed to be considered based on the interest of this problem. 
For this step we consider the following relation: 
¦
¦ 
i
xi
x w
w
R i
i
P
   ! λ                        (ii) 
where, λ be the rule determining fraction, whose value depends on the objective of problems. 
Here we select all those rules satisfying the given problem and the required condition. These rules together aid in 
addressing the variable conditions of minimized wear rate. The methodology followed for this problem is 
represented below: 
START
INPUT FACTORS
FUZZIFICATION
DECISION MAKING LOGIC
F
WEAR
RATE
DEFUZZIFICATION
WEAR
RATE
END
Rule 1: IF ....... THEN ......... Result
Rule 2: IF ....... THEN ......... Result
:
:
:
:
:
:Rule N: IF ....... THEN ......... Result
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 Figure 2: Methodology of Wear Rate Minimization of Dumper Tires 
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4. Results and Discussions 
The data considered here is taken from an iron ore mine of Jharkhand in Eastern India. The terrain through which 
these dumpers have to move is extremely hard with a high gradient and in most of the parts of the year a high 
temperature prevail in these areas. With these prevailing conditions and the huge loads, the tires are subjected to 
extreme conditions. But from the point of the organizations owning these equipment (dumper)s, a high tire life is 
expected, without much change of the existing conditions. Keeping this in mind, and after experimentation to view 
the effect of these parameters on wear rate, it is seen that pressure, load and velocity are the three critical parameters 
involved in influencing tire life to a high extent. Hence, devising a system for control of these parameters is 
essential.  
The membership function corresponding to the fuzzy set pressure (P), load (L), and velocity (V) and their graphical 
representations are described and shown below: 
The membership function corresponding to the fuzzy set pressure (P) is defined as follows: 
70,0)( d xwhenxP  
           8070,5.305.0 d xwhenx  
           90809.103.0 d xwhenx  
           10090102.0 d xwhenx  
           1101001 d xwhen  
           11013003.03.4 d xwhenx  
           13014004.06.5 d xwhenx  
           xwhen  1400  
The membership function corresponding to the fuzzy set load (L) is defined as follows: 
70,0)( d xwhenxL  
          8070,5.305.0 d xwhenx  
          8580,3.406.0 d xwhenx  
          9085,3.204.0 d xwhenx  
          10590,04.06.4 d xwhenx  
          110105,02.05.2 d xwhenx  
     120110,03.06.3 d xwhenx  
The membership function corresponding the fuzzy set velocity (V) is defined as follows: 
10,0)( d xwhenxV  
2010,4.004.0 d xwhenx  
3020,6.005.0 d xwhenx  
3530,3.002.0 d xwhenx  
4535,1 d xwhen  
5045,02.09.1 d xwhenx  
6050,05.04.3 d xwhenx  
7060,04.08.2 d xwhenx  
70,0 ! xwhen  
On the basis of the above-mentioned relationships, the fuzzy pressure, fuzzy load, and fuzzy velocity are represented 
in Figures 3 to 5. 
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Figure 3: Fuzzification of Inside Tire Pressure Affecting Wear Rate 
Figure 4: Fuzzification of Load on Dumper Affecting Wear Rate 
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The numerical operating ranges of the variables are first converted to linguistic operating ranges with the help of 
experimentation of the critical parameters. Here each of the parameters are divided into five ranges of operation 
(RA, RB, RC, RD and RE) with the help of the corresponding membership values obtained. The corresponding 
membership functions with respect to which they are divided are shown below. 
 
Table 1: Levels of Parameters Pressure, Load, and Velocity 
Levels PRESSURE LOAD VELOCITY 
RA 60-70 and 140-150 65-70 and 120-130 0-17.5 and 58-62.5 
RB 70-80 and 130-140 70-76 and 110-120 17.5-22 and 54-58 
RC 80-90 and 120-130 76-80 and 102.5-110 22-24 and 50-54 
RD 90-100 and 110-120 80-83.5 and 97.5-102.5 24-34 and 45-50 
RE 100-110 83.5-90 and 90-97.5 34-45 
 
It is difficult to select an appropriate fuzzy implication for approximate reasoning under each particular situation. In 
spite of having some general guidelines general solution to this problem is yet to be reached. In this portion, 
discussion of some of the issues dealing with this problem is made, and along with this, examination is done with 
some practical results pertaining to it. 
The linguistic representations of these variables are made based on the membership values and accordingly as 
suggested by experts and supported by data, weights w1,w2 and w3 are given to the three variables, viz. pressure, 
load, and velocity, respectively. With the help of operation (i) discussed earlier, 125 rules are generated.  
Out of these 125 rules generated, 20 rules are considered, taking λ =0.8 for the current problem, in first hand. Again 
considering λ =0.9, four number of rules are obtained based on the objective of study.   
 
 
 
Rules Considering λ= 0.8 
 
1. IF (Pressure is RE) and (Load is RD) and (Velocity is RC) THEN (Wear rate is VERY LOW) 
2. IF (Pressure is RE) and (Load is RC) and (Velocity is RD) THEN (Wear rate is VERY LOW) 
3. IF (Pressure is RE) and (Load is RD) and (Velocity is RD) THEN (Wear rate is VERY LOW) 
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Figure 5: Fuzzification of Velocity of Dumper Affecting Wear Rate 
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4. IF (Pressure is RE) and (Load is RD) and (Velocity is RE) THEN (Wear rate is VERY LOW) 
5. IF (Pressure is RE) and (Load is RC) and (Velocity is RE) THEN (Wear rate is VERY LOW) 
6. IF (Pressure is RE) and (Load is RE) and (Velocity is RD) THEN (Wear rate is VERY LOW) 
7. IF (Pressure is RE) and (Load is RE) and (Velocity is RC) THEN (Wear rate is VERY LOW) 
8. IF (Pressure is RE) and (Load is RE) and (Velocity is RB) THEN (Wear rate is VERY LOW) 
9. IF (Pressure is RE) and (Load is RE) and (Velocity is in RA) THEN (Wear rate is VERY LOW) 
10. IF (Pressure is RE) and (Load is RE) and (Velocity is RE) THEN (Wear rate is VERY LOW) 
11. IF (Pressure is RD) and (Load is RE) and (Velocity is RB) THEN (Wear rate is VERY LOW) 
12. IF (Pressure is RD) and (Load is RE) and (Velocity is RC) THEN (Wear rate is VERY LOW) 
13. IF (Pressure is RD) and (Load is RE) and (Velocity is RE) THEN (Wear rate is VERY LOW) 
14. IF (Pressure is RD) and (Load is RE) and (Velocity is RD) THEN (Wear rate is VERY LOW) 
15. IF (Pressure is RD) and (Load is RD) and (Velocity is RE) THEN (Wear rate is VERY LOW) 
16. IF (Pressure is RD) and (Load is RD) and (Velocity is RC) THEN (Wear rate is VERY LOW) 
17. IF (Pressure is RC) and (Load is RE) and (Velocity is RE) THEN (Wear rate is VERY LOW) 
18. IF (Pressure is RC) and (Load is RE) and (Velocity is RD) THEN (Wear rate is VERY LOW) 
19. IF (Pressure is RC) and (Load is RE) and (Velocity is RC) THEN (Wear rate is VERY LOW) 
20. IF (Pressure is RB) and (Load is RE) and (Velocity is RE) THEN (Wear rate is VERY LOW)  
        
Rules Considering λ = 0.9 
 
1. IF (Pressure is RE) and (Load is RE) and (Velocity is RC) THEN (Wear rate is VERY LOW) 
2. IF (Pressure is RE) and (Load is RE) and (Velocity is RD) THEN (Wear rate is VERY LOW) 
3. IF (Pressure is RD) and (Load is RE) and (Velocity is RD) THEN (Wear rate is VERY LOW) 
4. IF (Pressure is RD) and (Load is RE) and (Velocity is RE) THEN (Wear rate is VERY LOW)  
  
 
It is recommended here that it will be helpful to the operators of the dumper tires, if the number of rules can be 
reduced as less as possible to minimize the ware rate. As a result the life of tires can be improved and hence, cost of 
investment to procure the dumper tires can be lowered. Under the given environmental situations, conditions of 
measuring instruments, and engineering systems, different rules can be selected out of these 125 rules according to 
the predefined value of λ. The best possible rules for two values of λ, as mentioned, are suggesting the minimization 
of the ware rate of dumper tires.  
 
5.Conclusion 
In this paper, a new technique using fuzzy logic is applied to minimize the wear rate of tires of dumper, which is 
used to transport ore mines from one place to another in steel plants. Different membership functions are generated 
for three parameters, viz. load, pressure, and velocity, which are responsible factors for the wear of dumper tires. On 
the basis of these membership functions, fuzzy rules are framed. It is important to note that these rules are useful to 
application areas keeping other factors of external environment remain invariant.  
The proposed modeling methodology can be improved by incorporating other factors, such as haul road conditions, 
type of injected gas, etc.  
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